The result of imaging segmentation becomes different with the parameters involved in the segmentation algorithms; therefore, the parameters for the optimal segmentation have been found through a try and error.
I. Introduction
Image segmentation is defined as the process that subdivides an image into its constituent parts and extracts interested objects. Image segmentation is an important role in image analysis, such as object representation and feature extraction. Segmentation methods are thresholding or clustering, edge-based segmentation and region-based segmentation etc. In particular, active contour method which is resulted from the work of Kass, Witkin, and Terzopoulos [1] is highlighted in the medical image processing. Active contour models are classified edge-based models and region-based models.
Edge-based models [1] [2] [3] [4] [5] find contours by minimizing the edgy function which depends on its shape and location within the image. The energy function is composed of a weighted combination of internal and external forces and stopping term. Edge-based models segment only the limited region in the image; therefore, these models depend on other mechanisms like interaction with a user.
Area-based models [6] [7] [8] [9] [10] also look for the contours by minimizing the energy function. These models have the features such as the fact that stopping term does not depend on the gradient of the image, and the initial curve which can start anywhere in the image is quickly evolved by an average variation of the inside and outside curve. These energy functions involve the scale parameters which contribute to drive the zero level set toward the object boundaries and to penalize the deviation of  from a signed distance function during its evolution. As the values of parameters change, the results of segmentation are also varied. Hence, to find the optimal values, the values of parameters are repeatedly altered by users. If the parameters are optimal values, it is able to minimize the energy function.
It is difficult to compare and evaluate the results of various segmentations. Martin et al. [11] quantify the consistency between segmentations and find that different human segmentations of the same image are highly consistent. Heath et al. [12] performed the work for evaluating edge detection algorithms. Hoover et al.
[13] proposed a methodology for evaluating range image segmentation algorithms. In this paper, it is proposed to find the values of optimal parameters to minimize the energy function of the piecewise constant model using three-way analysis of variance(ANOVA) which refers to an additive decomposition of data into a grand mean, main effects, possible interactions, and an error term. We consider a quantitative measure for comparing two segmentations and three parameters the weight of energy in the contour(), the weight of outside energy in the contour (), and the step size for the update of the level set function() which have the greatest effect to minimize the energy function of the piecewise constant model. Then, we evaluate the main effects and interactions of three parameters. An outline of the paper is as follows. In Section 2 we briefly review on piecewise constant model. In Section 3 we introduce three-way analysis of variance modeling to find the optimal parameters. In Section 4 we compare and analyze the effects of parameters using three-way ANOVA and show the results of segmentation in Visible Human image. Finally, in Section 5 we end with a conclusion.
Ⅱ. Piecewise Constant Model
In first, let's define the image domain as  ⊂   and note the desired contours in an image   by  . We also describe that  and   are the inside and outside of  respectively. In [9] , to find the desired contours, Vese and Chan simplified the restriction of the Mumford-Shah function to piecewise constant function u. Vese and Chan is made up of the fitting term and some regularizing terms for the construction of  . Some regularizing terms are given by the area inside  and the length of  . This energy function [8] is written as
where  is the level set function, , , , and  are nonnegative constants, and the constants   and   are the average of image intensities in the region inside and outside of the contour respectively. These are defined by
The Heaviside function H and the dirac function  are defined as
In order to compute the Euler-Lagrange equations we adopt a gradient descent approach and arrive at
Where the curvature term ∇ · ∇∇ can smooth the level set function by positive parameter  and   is a positive approximation of the delta function  defined as
Then, using Euler-Lagrange equations we can update  by
where  is some small positive constant and   ∇ · ∇∇ .
Ⅲ. Three-Way Analysis of Variance Model
We evaluate the main effects and the interactions of parameters to find optimal segmentation using the energy function (1) of the piecewise constant model and three-way ANOVA. We first define a quantitative measure for comparing two segmentations of an image. 
IV. Implementation and Result
In this section, the optimal values of three parameters , , and  are found by using the three-way ANOVA. For segmentation using piecewise constant model, it is performed on a PC with Pentium 4 processor, 2.90GHZ, 2GB RAM, with Visual C++ on Windows XP, using same parameters of    ×   and   .
We first arrange the optimal segmentation for comparing the segmentation calculated by piecewise constant model. We extract the optimal segmentation by using piecewise constant model, for which we set   ,   , and   , and the given image is a cross section of a human body around chest in Fig. 1 . Then we extract the segmentation while changing three parameters , , and  of the energy function (1) in the given range. The GCR is calculated to compare the optimal segmentation with new extracted segmentation.
In Fig. 2 , we show the results of piecewise constant model set as that three parameters are different values. In the first row of Fig. 2 , the result of piecewise constant model given by   ,   , and    is hardly close to the optimal segmentation by GCR=0.07235. In the third row of Fig. 2 , the result of piecewise constant model given by   ,   , and    is nearly close to the optimal segmentation of GCR=0.953178. The result of three-way ANOVA for three parameters , , and  is expressed in Table 1 . The F-ratio of three parameters and interaction  x in Table 1 represent to be a considerably significant difference according to changing the level of three parameters for the GCR. The F-ratio of the interaction x and x also shows to be a significant difference. In Fig. 3, 4 , and 5, we show the significance of interactions x,  x and x, respectively. In order to find the largest GCR in the mixing level         , we calculate the point and interval estimates. The point estimate shows the largest GCR in   ,   , and    as in Table 2 . In 95% confidence interval yields 114 mixing levels, and produces 4 level mixing in the largest GCR=1.0 as shown in Table 3 . 
V. CONCLUSION
In this paper, it proposes the method to find optimal conditions of three parameters  , , and  involved in the piecewise constant model using three-way ANOVA, where three parameters are main effects which have the greatest effect to minimize the energy function. The optimal segmentation in an image is drawn by user before finding the best conditions. This research is used the global consistency rate for comparing the optimal segmentation with new calculated segmentations. The result of three-way ANOVA was able to find the best conditions of three parameters which are close to the optimal segmentation. The proposed method will be a great help to find the optimal parameters before working the motion segmentation by using the piecewise constant model.
